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Abstract: This paper introduces a multi-disciplinary research-creation project that examines the embodied and social nature of textile design and making at different structural scales – from beaded accessories to architectural components. Bringing together
anthropology, architecture, computer science, and textile craft, “Gesture and Form”
seeks to develop effective and ethical pedagogies for teaching design and handcraft
with new materials and technologies. Specifically, the project explores the potentialities and limitations of a head-worn augmented reality (AR) system that documents,
encodes, and later guides making practices. The discussion first introduces different
disciplinary frameworks for understanding and researching embodied knowledge, before sketching the multi-disciplinary research design, which loosely distinguishes “design research” from “design anthropology.” We then dwell on the multiple challenges
of the endeavor, from orchestrating and defining the activities of “design” and “research,” to asymmetries of technical expertise its communication, to the blurring of
participant-observer positionalities.
Keywords: ethnography; architecture; computer science; embodied knowledge

1. Introduction
This paper reflects on an ongoing multi-disciplinary design and anthropological research-creation collaboration entitled, “Gesture and Form: A Field-based Approach to New Methods of
Architecture and Handcraft in Textiles Using Augmented Reality Technologies”. Gesture and
Form, funded by the Social Sciences and Humanities Research Council of Canada (SSHRC), is
a three year project which began in Summer 2020. SSHRC’s innovative “research-creation”
funding mechanism supports work that combines design and creative processes and outcomes alongside or in combination with research into and through those processes and outcomes. In what follows we consider the practical and epistemological dimensions of the research and creative design of the project, as well as its potential contributions to scholarship
on embodied knowledge and new technologies cutting across the disciplines of architecture,
anthropology, and computer science (human computer interaction (HCI)).
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International Licence.

Claire Nicholas, James Forren, Derek Reilly

The project is motivated by intellectual curiosity and ethical interrogation of the general assumption that digital technology, such as virtual or augmented reality devices (VR and AR,
respectively), has already and will continue to replace embodied knowledge present in domains such as skilled craftwork. Rather than take this as a given, the researchers use this as a
starting point from which to explore how AR might instead play a transformative role in documenting, harnessing, and valorizing embodied knowledge. The project employs headset
worn AR rather than other XR technologies due to our objective to document and later guide
hands (and bodies) as they engage with both digital and physical materials while making actual craft objects. This requires both free hands and an unobstructed view of the area of
work that headset worn AR affords.
In short, the research asks how AR might fulfill its promise by augmenting embodied
knowledge and skill? This is not an appeal to a nostalgic yearning for hand production, but a
clear-eyed investigation of the epistemology of physical presence and human-material-technology relations in an increasingly digital and virtual world. In the course of this project, we
have been mindful of the implications of integrating a digital modality with primarily or formerly analog practices. However, we also do not take for granted what non-digital craft
practices mean to their practitioners, practices that may not be framed in direct opposition
to the digital. In fact, the project strives not to privilege one modality over the other, instead
questioning the relationship(s) between them.
The overarching goal of Gesture and Form, then, is to explore how to develop technologies
that synthesize qualities of embodiment – from proprioceptive cognition to the practices
and sensibilities of marginalized knowledge traditions – in order to address problems of cultural resiliency, knowledge fragmentation, and the neglect of embodied knowledge in the
construction of the near and built environment. To approach this inquiry, the project combines multi-disciplinary design research and practice in design-build architecture, humancomputer interaction (HCI) and mixed reality, and textile and material culture studies. The
project also reflects on design research and practice through ethnographic research about
the design and collaboration process. One of the ambitions is to leverage this form of multidisciplinary practice and research to produce integrated knowledge about embodiment,
handcraft, and new technologies.

1.1 Multi-disciplinary views on embodied knowledge
A review of architectural, anthropological, and computer science literature on “embodiment” or “embodied knowledge” brings some overlapping but also distinct objects of study
and preoccupations into view. For example, a cultural anthropologist may consider these notions in the broadest of terms or from a comparative perspective, rather than with a narrow
focus on augmented reality or techno-scientific systems. Within this framework, “embodied
knowledge,” as compared with other forms of knowledge or expertise, entails considering
cultural and social variations in “ways of knowing” (Harris, 2007), processes of enskilment
and professionalization (Goodwin, 1994; Grasseni, 2009; Ingold, 2000, 2013; O’Connor,
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2005), and their social and cultural constructions. These constructions necessarily bear political and ethical implications (Leach and Davis, 2012). Anthropologists have also tended to
consider “embodiment” as bodily habitus – where culturally and socially acquired techniques of the body (Mauss, 1979) and being-in-the-world are also processes of becoming
classed (Bourdieu, 1990), raced (Collins, 2004; Ramos-Zayas, 2012), gendered (Butler, 2011),
sexually-oriented (Ahmed, 2006) and sometimes suffering bodies (Mol, 2003).
A computer scientist working in the HCI tradition may distinguish between "embodied interaction” (Dourish, 2004; Jacobs and Zoran, 2015; Rosner, 2010; Zoran, 2013), which typically
involves gestures and proprioceptive cues, and “embodiment,” which has more to do with
the immersive sense of being within an application space. When embodiment is used in HCI
it is more often in the context of virtual reality (VR) or other immersive paradigms, while embodied interaction applies more broadly. HCI scholarship includes built environment research in hand-tracking (Mueller et al, 2016; Weissenböck, 2017), projections of holograms
(Jahn et al., 2019), and other means of creating human machine interaction (Brugnaro and
Hanna, 2018). Recent work on mixed or augmented reality theorizes the merging of physical
and digital space and action occurring in/on that space through embodied and tangible interaction frameworks (Malinverni et al., 2017).
For architecture, inscriptions of the body in space harken back to Vitruvian ideals of proportion, what Rykwert (1996) has termed the “body-column metaphor,” and famously emerge
in industrial culture through artifacts like Le Corbusier’s “Modulor” system of proportion. Architects have tended to consider built structures in terms of how the “poetics of space”
(Bachelard, 1964), including its materiality (Picon, 2020) act on, or is co-produced with the
body, our emotions, and our behavior (Robinson and Pallasmaa, 2015). “Embodiment” can
also be instrumentalized, as in the metrics of ergonomics or human-centered design. Other
related scholarship examines the body’s work on/in space through the embodied actions of
laborers who have handled and placed materials (Dieste, 1992; Rupnik, 2012).
Gesture and Form aims to harmonize these perspectives to construct a transdisciplinary understanding of embodied knowledge and holistic ways of studying it, within the specific context of designing and making textiles at different scales with augmented reality interaction
systems (and analogous contexts). In doing so, the project addresses a lack of literature in
computational design and construction that incorporates concerns of ethics and society
(Przybylski, 2018). Some attention to these issues has penetrated the computer science field
(Philip et al., 2012; Zhang, 2019) but the architectural computation field tends to treat high
technology design and construction as unsituated, at once nowhere and everywhere.
One issue we are exploring is the culturally specific and context dependent nature of embodied knowledge, and the extent to which that knowledge can be encoded, translated, and
shared across contexts, media, technologies, and peoples. The figure below (Figure 1) captures some of the contexts and translations we are exploring: from the handweaving of
physical samples of glass bead netting, to scripts developed in Grasshopper to model the
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structure and performance of brick stitch, to holographic projections of gesture and 3D models in space that accompany a novice as they learn to bead. The center of gravity in all of
these contexts is the Hololens 2, a Microsoft augmented reality headworn display. Gesture
and Form in effect tests the possibilities of the Hololens 2 to generate hand-tracking and motion capture data, which is subsequently used to develop holographic visualizations projected into the physical space of the wearer to facilitate or augment skilled practice and its
development. This is not just a question of exploring technical possibilities and limitations; it
is also a question of considerations for the socio-technical, institutional, and cultural systems
in which the design and use of AR is always already embedded.

Figure 1. Three contexts and translations of beadweaving gesture, technique, and form: From handmade physical sample, to Grasshopper script, to AR visualization in the Hololens 2.

Inevitably the issues of context, culture, and translation or transposition push us to look at
both what might be gained and what might be lost in these process. The political and social
dimension related to embodied savoir-faire is obvious: What are the implications and applications of AR technology for handcraft labor? Here the project is concerned with design settings like architecture studios, labs, workshops, and construction sites, but also for craftspeople such as bead weavers working in traditional cultural heritage settings around the
world. We ask what might be done to minimize or avoid the risks of alienation from one’s
labor or de-skilling, as experienced during periods of rapid technological transformation. On
the other hand, Gesture and Form also considers what potentialities might be generated by
AR-facilitated design and skilled handcraft work, potentialities for new forms of collaboration, ways of designing and making, and intergenerational interactions. This aspect of our research is engaged with ongoing discussions among scholars interested in skilled practice and
craft/design, such as Tim Ingold (2000, 2013), Lambros Malafouris (2014), and Keith Murphy
(2005), as well as STS perspectives on design, making, and technology, such as those of
Donna Haraway (1991), Bruno Latour (1986, 2008), Albena Yaneva (2005, 2009), and PeterPaul Verbeek (2008).

2. Research design: Interweaving design + ethnography
As a research-creation collective, the larger team is grouped into three “labs” that coordinate aspects of their respective work and come together virtually for weekly meetings. A
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brief description of some of the activities taking place in our respective labs follows: The Architecture lab has been modeling and building experimental architectural components and
forms based on beadweaving stitch types and structures; this work also entails explorations
of AR applications for making and building in space and in real time (Figure 2). This has involved both off the shelf applications like Fologram and the application being developed by
the HCI team of Gesture and Form. Presently, the Architecture lab is preparing large scale,
collaborative building exercises using AR head worn displays with wood, pipes, chord, and
cables for a youth architecture workshop.

Figure 2. Architectural model of beaded netting stitch structure. Credit: Sara Bajelan.

The Human-Computer Interaction lab has been working on capturing the fine-grained gestures specific to beading with the Hololens 2, and then looking at ways to encode gestural
data such that it could be relayed through various visualizations – as both a teaching tool
and ultimately as a generative tool for handcraft in design practice. The work has three
strands: The first has been the development of a hand-tracking application that collects data
on finger joint and hand positions throughout a given sequence of movement, then using
that data, along with other traditional pedagogical resources for beadweaving instruction
(like standard video, 2D bead diagrams, and oral and written instructions) to create and test
an AR beadweaving tutorial app for two basic stitch types (Figure 3). The second has involved exploring possibilities for interfacing between modeling software and platforms used
in computer science, and those of architecture (like Rhino and Grasshopper). The third is an
initial exploration of using machine learning to classify micro-events within the hand-tracking data, for the eventual purposes of creating better gestural visualizations that may also
serve to correct and guide movement as it happens in the making process.
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Figure 3. Screen capture of handtracking application developed by HCI team.

The material culture and textile studies group has been studying historic beadwork from various parts of Africa, mostly through searches in physical and online museum collections, and
contemporary makers’ work on social media or craft marketplace platforms like Etsy and
YouTube. In addition to considerations of the technical and aesthetic qualities of material
culture, the team has researched the cultural and social significance of beadwork in those
contexts, and identified foundational techniques that cut across those traditions. Based on
this research, the team has recorded the production of stitch samples with the Hololens 2
(providing some of the raw data for the HCI lab), and created a prototype collection that featured in a community-based beadweaving workshop with refugee and immigrant women
from different parts of Africa and the Middle East in Fall 2021 (Figure 4).

Figure 4. Video still from production of beaded netting sample while using Hololens 2 handtracking
application.

In one sense, then, together, each in our own ways, we are performing at least one form of
design research – going by Christopher Frayling’s (1993) three-part distinction of “researchinto,” “research-through,” and “research for design.” And each team – or rather collectively
as a larger team – we are engaged in what Keith Murphy (2016) has articulated as “anthro-
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pology of” and “anthropology for design.” In the context of Gesture and Form, design research involves the activities of developing, testing and refining the AR interaction system
through a series of lab and field-based tests, transpiring in naturalistic settings like university
classrooms, a community-based workshop, and experimental research design contexts.
Good design also demands a rigorous and systematic documentation of different stages of
the design process, and decisions made along the way. Whereas this type of research can be
considered as internal to the design process, with the goal of improving the finished design,
we are also conducting research about the design process through an ethnographic lens,
where the focus is on how designers and others involved in the design process work together to find solutions to design problems, communicate with one another about design
activities, and address the technical, social, and aesthetic aspects of doing design. This plural
approach enables a fine-grained ethnographic understanding of the design process – via design anthropology (Clark, 2017; Gunn et al. 2013; Murphy 2016) – and practice-led design research through the design process (suitable to the research-creation framework of the
funded project) (Frayling 1993; Laurel 2003; Zimmerman et al. 2007). These dimensions, respectively, aid the research team in gaining critical distance from design practices and processes (including the social, communicative, and material aspects of design), and in exploring
better methods and outcomes within or resulting from design practice itself.

2.1 Blurred boundaries of design and ethnography
Throughout the course of the project to date, it has been very difficult to keep these modalities straight. Blurring occurs at the level of conversations happening in design meetings, at
the level of how we think about what role(s) (designer? research subject? researcher?) we
may be playing at any given point in time in the lab or field contexts. This is partly due to the
nature of auto- and collaborative ethnographic praxis (and the anticipation of the more intensive work of ethnographic analysis that will likely occur towards the end and after the
formal completion of the grant period). In our case, “auto- and collaborative ethnography”
refers to our collective commitment to using the method of participant observation to reflect on the nature of the design process and our engagement in it, considering for example
how our various disciplinary cultures inform our interactions. Adding in this particular type
of reflexivity presents certain challenges for research design. Among other things, it has produced certain oddities such as securing human subjects research ethics consent to study
oneself. But this is more curious than vexing.
The bigger challenge has been in figuring out when and how the auto-ethnographic reflexivity should take place – beyond the reflex of documenting everything. We have tried to normalize a practice of documenting as much as we can about the project activities – audio and
video-recording meetings, keeping process portfolios and fieldnotes, getting visual documentation of work in progress, archiving email communication, etc. This is an attempt to
build in reflection points and perspectives along the way. And certainly some of these habits
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are comparable to those adopted in a typical design process. But the attention to documentation is also about providing our future selves – the ones sifting through and coding ethnographic material after the design phase is over – something to analyze.
Ethnography is not, however, limited to a bookend on the project. In practice, auto-ethnographic reflections have also punctuated design meetings. They take the form of interjections and commentary along the lines of “this is important,” or “this, for me, is one of the
main things I am interested in about this project”; both are kinds of verbal annotation that
may be useful when later analyzing transcripts of interaction. Similarly, in group meetings
we allow ourselves the space for tangents and sidebars that more or less directly reference
the larger research questions about embodiment, human-technology relations, or disciplinary differences in understanding.
The doubled-sense of acting as designers and ethnographic researchers also plays out in the
form of periodic pauses to check mutual understanding, and asking questions about what
may at first seem obvious. One such instance was when the textile and material culture
studies team asked the architects, “what do you mean by structural?” A lay understanding of
the term “structural,” as relating to a particular arrangement of parts within a whole only
partially overlaps with the architectural sense of “structural” as the quality of a building or
component that can support itself – i.e. is structurally sound from an engineering perspective. At first glance this might seem to be a trivial matter, but the term seemed to be an important but elusive goal for beadwoven elements (“structures”) in the eyes of the architecture team, and drove much of their exploration in both physical and digital models of beadwoven forms. Some of these early conversations in the project have led to more regular
practices of explaining and questioning one’s own assumptions and shorthands for talking
about design work or technical specs and processes. This is at least partly due to the
knowledge that one’s audience is mixed in the disciplinary sense, and also in the sense of including students and international team members.

2.2 Temporality and pace of doing ethnography and doing design
Distance, time and pace, or rhythms of working, loom large among the challenges of collaborating on a multi-disciplinary project such as Gesture and Form, one with team members located in both Canada and the United States, during a global pandemic hampering in person
interaction for the entire duration of the project. To generalize: Ethnography is slow; Design
is relatively fast. But this simplistic contrast is inadequate – architectural design in an educational setting is not analogous to software development in an educational setting, neither of
which proceed in the same manner and speed of textile craft/making. Ethnographic insight
emerges in a spongelike fashion – it benefits from “saturation” – a point where patterns
emerge, where new phenomena observed tend to align with previous observations and insights. Over time an ethnographer can get to saturation more quickly – for example, if one
studies designers repeatedly and in multiple contexts, insights and patterns from one study
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might also re-appear and be recognizable in another. There is also a danger that the ethnographer can be more closed off to surprises and differences if one assumes certain commonalities.
How, then, to reconcile the dialogic forward momentum of the design process with the also
iterative but spongelike synthesizing of ethnography? How can and should ethnography be
incorporated into or alongside design? The team’s lead architect has raised the idea of
“ethno-design,” an intriguing hybrid that resembles the hyphenated or slashed partnership
of “design” and “build,” but which also anchors design to the particular people undertaking
the endeavor, similar to terms such as “ethnobotany” and “ethnohistory.”
A lingering question remains: “To what extent and in under what circumstances can ethnography be generative for architecture?” But generative in what way and of what? This could
actually be phrased and framed in a number of ways: Is doing ethnography generative for
architects – or for computer scientists? Some architects and some HCI researchers use ethnography to better understand architectural programs for space and site, or user experience, or end user needs and preferences. But it remains very rare for architects and HCI researchers to study themselves “doing architecture” or “doing computer science.”
To be a bit provocative, one might conceivably argue that ethnography should be left to the
anthropologists, but the findings or insights could still be generative for architects and computer scientists in terms of holding a mirror up to the design process (and/or the pedagogical process in educational design contexts). Certainly, reading anthropological and STS research on design and technology has been generative in some of the team’s previous collaborations (Forren and Nicholas, 2018, 2019), at least for helping to theorize architectural
practice, and produce published research outcomes that resemble standardized forms of
scholarship. But that still leaves the question of whether and how an architect or a computer
scientist “doing ethnography” might generate novel designs or ways of doing architecture
and computer science. Our project is an opportunity to move that conversation forward.

3. Preliminary findings
In the remaining sections of the paper, we touch briefly on preliminary reflections about inter or multi-disciplinarity, technology and skill. These reflections have directly and indirectly
impacted our experiences of working together, and working with the Hololens 2.

3.1 Reflections on interdisciplinarity and technologies
First, different labs (and individuals within those labs) have developed different relationships
with the Hololens 2. For the textile craft and material culture team, the relationship could be
characterized as love-hate, where the logic and ease of use of the user-interface left non-hitech savvy users with feelings of frustration, embarrassment (at one’s own incompetence),
and amusement at the absurdity of poking a finger repeatedly into thin air in an effort to
“select” a menu item. For one of the HCI grad students, there is a sense that the Hololens 2
is a double-edged sword: The device has a certain “cool factor,” simply because it is such
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new and cutting edge technology. At best the experience of interacting with 3D objects in
space is immersive, but the Hololens 2 can also be physically taxing to work with and downright recalcitrant at times. For the HCI team, the device presents new avenues for inquiry regarding mixed reality devices more generally: Testing and creating with both the limits and
potentialities of its technical specifications has been inherently challenging but also exciting.
Differing relationships to the Hololens partly index the different degrees of facility with the
digital: namely Hololens-generated data, architectural modeling software and scripts.
Whereas all the groups to some extent have learned basic beadweaving stitches, the accessibility of hi-tech modeling and programming skills remains what is essentially a black box for
the textile team. This has resulted in some inadvertent hiccups, both minor and more substantial. It has meant delays in team coordination due to struggles with setting up technology. It has also created challenges with managing the data generated by the handtracking
application created by the HCI team for the Hololens 2. For example, the textile team generated an archive of json file recordings of basic beadweaving stitches, repeated over and over
in the hopes that enough footage would enable machine learning algorithms to classify micro-events within longer sequences of gestures. But without the ability to check the usefulness of those files for the HCI team, the textile team was basically doing tasks without real
understanding of how the data suited the needs of the HCI team. Some of that archive is
flawed in various ways as a result.
The point in raising this issue of disciplinary expertise and technology is to highlight something that many multi-disciplinary teams of social scientists and technical design disciplines
must confront: What should a multi-disciplinary team do about aspects of discipline-specific
knowledge that simply cannot be sufficiently grasped in the span of a three year grant? How
do certain kinds of technology expertise establish (or necessitate) a division of labor within
the larger team? By the same token, to what degree, as Talia Dan Cohen (2016) has explored
for synthetic biologists – can strategic ignorance be a methodological strength? Architecture
in some ways has been the most effective at bridging the hand and digital work.

3.2 Asking better questions about embodied knowledge
While Gesture and Form continues to work through various stages of developing, testing,
and refining an AR system that might document, encode, and visually represent gestures and
practices specific to beadweaving, at multiple scales, there is a growing sense that along the
way we are asking better questions about embodiment and embodied knowledge. For instance, to encode gesture movement needs to be chunked – logged as micro-events, discrete and logical segments of gesture. The question of where a gesture begins and ends,
where it makes sense to mark continuity or discontinuity, is not only a technical consideration for the purposes of machine learning, but also an ethical and social question of recognizability and meaningful segmentation.
Likewise, we have noted tension between the individual and universal aspects of beadweaving stitches and their accompanying gestures. What is the threshold for differences between
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different bodies (or hands): when does doing a movement that is calibrated and comfortable
for one’s own body, handed-ness (i.e. left handed, right handed), hand size, and rhythm turn
into a mistake that somehow transgresses the universal parameters for doing the stitch?
Who might be excluded from the parameters for norms that are set for the device? What
kinds of bodies are assumed?
Scale and the extensibility of an application developed with traditional beadweaving in mind
to the architectural scale is an issue we are currently exploring. If larger beaded components
require less fine motor manipulation and more whole body positioning and applications of
force – and therefore different proprioceptive and kinaesthestic sensibilities and skill – to
what degree does scalability succeed or fail? The possibility of coordinating the work of making among multiple people (wearing the Hololens 2 or not) similarly underscores the question of scale and introduces complexities of social interactions in the mix. Clearly, there are
many smaller questions that remain within the larger interrogation of what affordances exist
within a given ecology of handcraft and what new affordances are introduced or foreclosed
with the introduction of AR via the Hololens 2.

4. Conclusion
The preceding discussion highlights the inherent complexity of research and creative activity
that brings together social scientists with designers from different traditions (though in our
case both architects and HCI team members have long-standing interests and research programs in computation). Whereas funding proposals and research ethics regimes insist on the
articulation of clear distinctions between “design research,” “design,” and “design anthropology,” both scholarship within these disciplines and the lived experience of collaboration
resist these static categories and roles. Gesture and Form instead demonstrates the emergent and contingent dynamics within such a team, composed not only of diverse disciplinary
perspectives, but also individual designers and researchers who bring their personalities,
personal experiences, and different forms of expertise (included embodied knowledge) to
bear in their work. A project on embodied knowledge, AR, and human-technology interactions should do no less.
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